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made and a closer examination would doubtless lead to a moderate change
in the thickness of several of the intervals.

The only coal beds which have been opened are Nos. 8 12 and 18, but
none of these was in shape for measurement at the time of examination.
No. 12 is exposed in the bed of the run, and its thickness is said to be
nearly S feet. The coal is clean, free from pyrites and slates, is soft and
should yield a good coke. No. 18 was mined for local use at the junction
of the forks of Camp creek. Its thickness is said to be 4 feet 2 inches.
The coal is soft, clean and is admirably fitted for blacksmiths’ use. No.
24 was once exposed near the creek at half a mile below Reed’s mill. The
thickness is said to be 3 feet.

The following section of the Lower Carboniferous rocks was obtained
in passing from Little Bluestone to Mountain creek :

1. Conglomerate........ 00000000006000606060600000000 20/
2. Imperfectly exposed.....oveeeeienenannennnns noooas LK
3. Yellow shaly sandstone......coviiieeiininneinnn. 45’
4. Concealed...... 200006060000000 50000060060600000 .. 25
5. Gray to yellow shaly sandstone .................... 80/
6. Imperfectly exposed..... ...o.viiaeaen cocosoonooocs A
7. Conglomerate .....coeuvunnn 500000000k POGO00000G00 107
8y Clom@ealieil o ocoocaccooococsacocos 50060860060000000 SV
9. Limestone......... 060060 90C0000606060000000606006060C 3
10. Imperfeetly exposed .....vuvniiiiiiineinnenenn. ... 3707
973/

Exposures of dark red shales occur frequently in the intervals 2, 6 and
10, and No. 10 is made up almost wholly of such shales. This section
brings one to the sandstone which forms the river bluffs in the vicinity of
Hinton.

Notes on the Coal-field near Cafion City, Colorado. By John J. Stevenson,
Prof. of Geology in the University of New York.

(Read before the American Philosophical Society, October 7, 1881.)

A small area of Laramie rocks lying along the easterly foot of the
Greenhorn mountains has escaped erosion. Its shape is irregular and its
breadth varies from two to five miles, being greatest at little more than
midway north and south. The total area is not far from 70 square miles.

This little field, which has attained much economical importance, owing
to the excellence of the coal from one of the beds, is deeply trenched by
several streams which flow across it in caflons with walls from 200 to 500
feet high. The more important of these, beginning at the north, are
Alkali gap, Chandler creek, Oak creek, Coal creck and Newland creek.
Examinations more or less detailed were made in all except that of New-
land creek.



Stevenson.] 506 [Oct. 7,

The strike is almost north and south. The dip on the eastern side is
gentle, varying from 3 to 6 degrees, and that side of the trough is the
longer one. The axis of the synclinal is distinct, passing at about two
miles from the eastern outcrop. The dip quickly becomes abrupt on the
western side, being first 7, then 10, then 15 and at last 40 degrees where
the outcrop is first reached on Oak creek, but the outcrop lies further west
both north and south from Oak creek and the dip becomes sharper and
sharper until at last the beds are perpendicular or even pushed over.

The following generalized section of the field was made out; but as no
opportunity was afforded to revise the work, it may be defective in some
of its details : :

1. Sandstones, with some thin shale, not ex-
amined indetail.......ooiiiiinnn. e 400/
2. Sandstone, buff, with occasional pockets of
SHale..eseernees crennnnnennns 660500000 45/

3. Coalbed M....oeeeeeuneeieineiosiassannas Blossom.

4, Shale and sandstone.............. T 165/

&, Wenespiies S50 co00000c0ccco000ca0cooac 1707 -

6. Coalbed Licueinenieeieieeiaieiennanaanns 47

7. Shale......... s 00 5 14/

B. Coalbed K..ueeeeeeoeeniserononncocnneens 0/ 6/

9, SN 60666 000 0005000066000 a0 060000 5
10, Wenneegireil SeBE, coo00000000000ac00c00e0 30/
11. Coal bed Jo..o..... B BB 06 0 0 0 o e dld
12. Shale....... SR SSBIRIR o, 6 o 0 o o 24/

13, Coal bed L.eee e eneiaenieiannanas R 3/

14, Sandstone. ... coveeiniiiiiitiiniiaia.n 120/

15. Shale and sandstone........ 5606000500500 257

1@, @l el 1Bl o cocoocoooooanancacanaoasanona 5 8/ to 9
17. Sandstone and shale......... 55000680680 0 46/

18. Coal bed Gruvve e en e eeeeaiaasaseeaeanns . 1710/ to 2/
19. Sandstone and shale.....oovvueue... 307

20. Coalbed Fo.ow it ie e ieaeeaaanainnn 4/ 67 to 0!/
21. Shale.....ooeeeeeeenans PRI . O G 11/
22, Coalbed Bo......... PP RPRUOI . ¢ . o 1/ 8/ to 6//
23 ViaTiecatedNsh al el e e 307

24, Coalbed D...oueiinnianeoeronecnnsenanns 1/ 10’ to 17 37/
25. Shale and sandstone. . .covveeeeeenieneanns 25/
26. Coalbed C.vnnenieninrennneaaennasnannn .. 4 6"to 6V
27. Sandstone and shale..... 566066000000 065603 50/

28. Coalbed B......... PRSP - 00 0686 086 o o 4/ to 6/
29. Shale........ o AU, . ., ¢ 5000 o . 30/ to 20/
30. Coalbed A...c.cvevn.. 000 63000 K oo . 6/ to 107/
81, Shale...coeveeiiieienennnnes T R 107 ,
32. Sandstone............ PRI REAE | . 70/ to 100/

The same difliculty was experienced here as in the Zrinidad coal field,
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further south. Limestones are absent and the sandstones show abrupt
changes in composition. Direct tracing around the points of bluffs is not
always practicable, and identifications of coal beds in different cafions are
based largely on the intervals found in the typical section obtained on Oak
creek. As these intervals are by no means constant, some of the identifi-
cations may prove to be erroneous.

The eastern outcrop of the field is well marked by bluffs and it cannot
be mistaken, except in the extreme northern part, where erosion has
carried away the lower beds and the bluffs contain only the higher
members of the series. The sharp hogbacks in which the beds are turned
up at angles varying from 40 to 90 degrees, mark the western limit suf-
ficiently well, except in the southern part of the field where erosion has
beveled off the surface of the mesa. But even there, exposures are found
on the larger streams which enable one to follow out the limit with but
little difficulty.

Coal mines have been opened at several localities along the eastern side of
the trough and branch roads have been constructed by the Atchison, Topeka
and Santa Fé and the Denver and Rio Grande railroad companies, lead-
ing to mines owned or controlled by those companies. Insignifieant open-
ings only were seen along the western outcrop, but some pits on the
northern side of the field have been worked somewhat extensively to sup-
ply Cafion City.

Exposures are infrequent on the northern edge of the field, where a
deep covering of gravel conceals all the rocks even to the tops of the hills ;
while beyond the sharp ridge bounding the field, a basin has been eroded
and rocks are rarely seen in place. The few openings seen afforded no
data for determining the position of the beds in which they have been
made. A similar difficulty was encountered on the north-eastern side of
the basin where the lower beds of the series are buried under the altuvial
coating of the plain, and only the higher beds are shown in the bluffs.
Some coal blossoms and an extensive opening were seen here, but their po-
sition was not determined, further than they belong to the upper part of
the section.

Alkali Gap. The stage-road leading from Caiion City to Silver Cliff
passes through this gap at about 4 miles from Cafion City. The exposures
are excellent for a distance of-nearly 400 yards, but as soon as one enters
the basin into which the gap opens, all exposures cease. The following
section was obtained in this gap, the thicknesses of the several beds being
determined by pacing and calculation from the dip :

1. Conglomerate. e eese s caeeenvoneneenneenoneen... 239/
PRI £ (TR T ¥0) 1 U P 168/
3. Concealed............ 0000000000000 N 40/
4, Sandstone . ....oueeiet ettt et aeereaana 1287
5. Shale....cverin ciiieieeieeeieaaaanaccannn 3/
6. Sandstone.....c.oveeeiiiennaaen.. 200888 0 0 ¢ 0 ol 69/
7. Concealed.............. 500060066 0606006006G ceees 42/
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8. Sandstone.....oeeeeeeneeereeeenns S8650 0 0 do o ¢ 6’

9. Concealed............... 66880000000 ceeeeess.s 1297
10. Sandstone...... 00000000 o C 00600060600 10/
11. Concealed...... 5000000000600 88650 00300000000 12/
12. Sandstone....... oS P BBt 0 0 6o 0680 B 0 0 6 8/
13. Coal bed. ...... 5056000880 oo B 000000000006 57
14, Sandstone...... o O B 000 6000 6/
15. Concealed..... o> I - 0.0 .0 O 20/
17. Shale.....ccoevvununs R BRI ot 0 0 00 0 5/
1S, @l (830 0 0 000000000 00000006006006500500000600 2/
19. Imperfectly exposed, much whitish sandstone... 75/
20, SaANASEONE. o vvieieeeieeeeneeroececnacecnnnanns 10/
21, Concealed......covuereneneenannnnn P 1607
00, Ol A o0 00 c0000000600000000600000000000600600 37 217
T8 CIRT0 00000000000 000600660606006066000000 SPYTIT 1/
24, Sandstone......... R G 00 0O 0.0 0 0000a eeeses 3807

With this all exposures cease along the line examined, but Mr. Alex.
Bowie, local superintendent of the coal mines at Rockvale on Oak creek,
states that another bed of coal has been seen by him below the sandstone.
Unfortunately no determination of the distance was made by him.

The conglomerate at the top of the section is very coarse and altogether
unlike any rock seen elsewhere in the field. If Mr. Bowie’s observations
be accurate, this rock is higher in the series than any exposed in the typi-
cal section obtained on Oak creek and it has been eroded from the mesas
in the southern part of the field, from Chandler creek southward. The
sandstones down to No. 12 are soft, with a yellowish tint and readily dis-
integrate when exposed to the weather. Thin beds of shale occur here
and there in the upper part, but are not persistent and they have been ig-
nored in making up the section.

The Coal bed, No. 13, is exposed at the roadside as one enters the gap
from the west. Its dip is 85 degrees at the top of the shaft and 75 degrees
at the bottom. No detailed measurement was made as the shaft has been
abandoned and the edge is unsafe. The bed shows five benches of coal,
with a layer of dark shale fully 5 inches thick. A parting of sandy clay,
nearly 2 inches thick, appears to be persistent. Coal bed, No. 18, has been
opened by a shaft probably 20 feet deep. The dip is irregular but is some-
what more than 75 degrees. The coal so far as exposed is friable and
worthless. No bed was seen between this and No. 24, but Mr. Bowie
states that another bed exists in this interval and that it is shown at a little
way from the line followed. It is 1 foot 7 inches thick and contains very
fair coal. No. 22 dips at 85 degrees, almost due east ; it is in four benches,
separated by thin partings of sandy shale. It has been opened by two
shafts, each about 20 feet deep ; but the coal as far as seen is badly broken
by exposure to the weather.

In the absence of detailed measurements below the bed, No. 22, one may
not undertake to identify these beds with any in the Oak creek section ;
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but it may be that they represent Coal beds C, T and L. The associationg
of the lowest bed suggest reference of it to bed C.

Chandler creek. The cafion of this stream crosses the field and affords
very fair exposures of the upper part of the section ; but erosion has been
active at both ends of the cafion, so that the lower beds have been remov-
ed and for the most part they are now buried under gravel on the broad
elevated terrace. A boring made at the mouth of the cafion, at a
little way east from the foot of the bluffs, begins in sandstone, No. 14 of
the general section, and continues to the depth of 301 feet 9 inches. The
record of the boring as furnished by Mr. Alex. Bowie, is as follows :

1. Gravel.ceeeeeeeeeecanceoaneeanns 8000000 PP . 307 6/
0. SANASIONE. v unernenereeencaranennennns . 40/

3. Shale...... 50000060000000 OHAOHS 500000a00c00cs Y
4. Sandstone....... 56000000000 SUBHEREENE o 6 o o veee 17 47
5. Shale....... 506 00 SIOITRCAL0 O O U L €1 124
6. Coalbed..coeeeesnnaeeananans AR . o0 oo c oo 4 11
7. Hard sandstone....ooeeeeeeeeoeeeeccanans socooo & G
8. Soapstone...... 50006060030 8806300000 50 SR . b2/

9. Sandstone....... SRR AR, 0 00 000 00 030006 6/

10. Soapstone. ... ...covveeieeennes B 500000000008 587 411
11, Sandstone. ...vveeseierereaoasneeeeeaoaacannns 5/ 417
12. Shale......... 5606000000000000000000000000 ooo 45 2
18, Coalbed. ..ooeeiiiinanaaaaeronanoanesaooannans 5/ 57
14, SOAPStONEC. cee cvveararacecoaroncenacnnas soocoo & WY
15, Sandstone. ..vveeereeieeeenereenenreaseaannona 2/

(E, [SesEETINE. 000 aooaacaao60000a060thacc0a0 gooaoog 1/ 471
17. Sandstone..c.eeeeeeaiaas 8000 600000038000000000 G/

18. Sandstone and shale.........cceeeneueenn. e.e.. 140 57

The upper bed seems without doubt to be Coal bed H, though it is much
thicker here than at any other locality examined. The structure as
shown in the boring is :

Coal, 1/ 375 clay, 117 ; coal, 1/ 1177,

The lower bed is usually thought to be the same with Coal bed A, the
bed mined on Coal creek by the Colorado Coal and Iron Company, but
the interval to the upper coal is very nearly the same with that obtained
between Coal beds H and C on Oak creek, barely a mile away ; so that
the lower bed is more probably Coal bed C, the bed worked in shaft No. 2
of the Cafion Coal Company. Its structure as shown in the boring is :

Coal, 3/ 47 ; clay, 11/ ; coal, 1/ 2/1.

A number of borings have been made along Chandler creek, but the
records are not accessible. The trough becomes deep in this caiion, and
at the bottom of the synclinal, Coal bed A is fully 800 feet below the sur-
face. The walls of the cafion are low and the caflon itself is very broad,
especially near the line of the axis. No trace of the great conglom-
erate of Alkali gap was observed here. .
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_ Beyond the axis of the synclinal, the rocks rise rapidly westward and at
the head of the cafion one is brought very near to the horizon of Coal bed
H. An opening has been made in a bed at a little way beyond the head
of the cafion, bnt in the absence of all exposures near at hand, the place
of the bed could not be determined. The lowest sandstone of the group
is reached at a short distance beyond and shows the same features as those
to be described on Oak creek. The middle Cretaceous rocks lie immediately
behind the great sandstone and continue thence to the foot of the mountain,
where the Dalkota rests on the metamorphic rocks. The transition from
the Coal group to the Fort Pierre is very gradual and no line of separation
can be found.

Oal: ereek. The cafion of this stream follows a north-easterly direction
across the field and affords by far the best series of exposures. It is fol-
lowed by the Coal branch of the Atchison, Topeka and Santa Fé railroad
to Rockvale, where the Cafion Coal Company has sunk the shaft, No. 1,
with the view of working Coal bed A. The ontcrop of that bed is poorly
shown in this cafion along the eastern side of the field, but that of Coal
bed C is frequently exposed. Shaft No. 2 of the Cafion Coal Company
opened this bed and a slope is under way to reach the same bed for the
Colorado Coal and Iron Company. The section at shaft No. 2, including
the measurements in the shaft, is as follows :

1. Sandstone, seen on the bluff.....covviiieeianat. 15’

2. Shales........... FIRERBANSC © 00000000 AR . 10/

3. Concealed to curb of shaft as estimated from the
@ilD60600000000000066000a60000500606060 eeees. 1207

4. Clay and gravelin shaft.................a0a..0s 30"

5. Shale and thin SandStONe...c.cve,ceeecaecceons 31/

6. Coal bed E..... R MIRREIE. o o 0 0.0 0.0 0 50 1/ 6/

7. Shale and thin sandstones.......... 500060000000 457 6/

8. Coalbed C.oeeveerrrennnnnnnnnnans Y PRI P U

©, TOREOE o 00000 0000000000600060666000060600060 SPT ()  L

A coal blossom, indicating a thickness of about 8 inches, was seen at a
few rods east from the shaft. Allowing for the dip, this bed belongs near
the middle of the gravel at the top of the shaft, and is therefore Coal bed
G. Coal bed E contains very good coal, but as it is not of workable
thickness, no tests have been made to determine its value. Coal bed C is
mined in the shaft where its structure is

Coal, 2! 21 ; clay, 2/ ; coal, 17 97 to 2/ 2//.

An outerop on the opposite side of the valley shows the bed 3 feet 10 inches
thick, as reported by the local superintendent of the company, and there
the parting is present also. But lower down the stream the bed becomes
very thin and at several exposures it is insignificant. In the shaft it
yields an excellent coal, which is hard, must be blasted but comes out in
large blocks. The underlying fireclay aids much in mining, but it is soff
and is likely to be a source of annoyance in the immediate vicinity of the
shaft. The dip is a little south of west at 5 degrees.
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The sandstone, No. 1 of the section, caps the bluff directly north from
the shaft and is easily followed to Rockvale, where it is alongside of the
railroad. The Cation City Coal Company’s shaft No. 1 begins in this rock.
A boring was made in creek bottom at about 500 feet from the shaft and it
begins in this rock, though somewhat higher than the top of the shaft.
The record of the boring is

1. Sandstone.....ceeeereencccanances o888 oo o 82/
B, Sl 566 60 0660000 603 0B000060000ECHEIEREN coooo 1LGY
3. White sandstone.............. 50 0660000006000 3
4. Coalbed H............ 060000000606600000d6 0aaaa 0o 9/
5. Sandstone......... 08000 AT X TIRTTRY ¢ 6 00 10/ 38/
6. Softshale...coeeeeeeiineneieeeeooaeieeennnne 4/
7. Sandy shale...o ... .. oo .. c0coc0c 000000 31/ 4/
8. Coalbed G.....ouuiierittenetaieiennanaanaanan 1/ 4/
9. Sandstone, hard.......c.viiiiiiieiie ciiiiennn 15/ 5/
10. Argillaceous shale...... 50600006060060006000 oo OF &Y
11. Sandy shale..... 5060600000606060000000000060000 18/
12. Coal bed E.. ... B I B 0 0 .00 08 00 G .. 07 67
13. Sandstones and shales in thin beds...... veee... D2 8/
14. Blackshale........c..oiiiiiiieeeann. P 5/ 47
15. Sandstone........c.... PP R A 2/
16. Coal bed C......... .o bl (. . . 0/ 8/
17. Sandstone and shale.......cooviiiiienenan.. 3/ T
18. Blackshale............... 06000600 coo o JENEHERE 21/ 3/
19. Sandstones and shales........coiveeenennann.. 20/ 107/
0. Coalbed B.vevewovviianns 80000 o 0 0 cacdBEEEHE 0N 0’ 6/
21. Black shale..coeeieiniineiiiiieeneanneneneans 22/ 1/
2. Coalbed A.o.vuieeniinenniieinneeinaneeennnns 3/ 4/
23. Arenaceous shale............... 0600000606000C 9
24. Black shale............... 500060636000600000000 5/
25. Sandstone and sandy shale.................... 5/ 1/
Total......... Y ... 5o IR cesesnce. 83417 G/

The company’s shaft at the time of examination was down 220 feet. Coal
beds G and H are thickerin the shaft than in the boring, the former being 1
foot 2 inches and the latter 1 foot 10 inches. The great sandstone, No. 1 of the
section, is nearly 120 feet thick. It varies somewhat in structure, as is
well shown in the railroad cut at Rockvale. In the boring it seems to be
a compact sandstone throughout and it shows a similar structure in the
shaft, but in the railroad cut, only a few yards from the shaft it becomes
shaly toward the middle, there being not less than 29 feet of shale exposed
in the cut. The rock is mostly massive, soft and reddish-yellow to buff
and bluish gray. It contains vast numbers of Hulymenites major, of which
excellent specimens can be obtained at Rockvale. This fossil is most
abnndant in the upper part of the rock.
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The bluff immediately north from the shaft at Rockvale affords good ex-
posures of the overlying beds. The section obtained on this bluff is as
follows : ; '

il BEielienE: cooo oo ooanoonoocn 00000660000 00000G000 207
This is buff, soft, weathering with honeycombed
surface, but contains a hard reddish band, only a
few inches thick.

2L BrmeEliin®. o oo cooono000000000000600 00060 0G0 veees 4¥
Very like the last, but containing some shale,
which decreases westward until both sandstones
are practically one.

3. Coal bed M....... 50000G6A060600606000000000000 Blossom.
This may be only a carbonaceous shale.
4. Shales and sandstone......... 0coc0s 0000006 c000g 61/

Where the section was taken this seems to be
almost wholly variegated shale, but within 50
yards it has a bed of massive sandstone, buff or
yellow, soft and covered with a thin band of
hard red sandstone.

B. SandStOnE. . .-, cuc e riaeeoucaoas aassecanssasie 8/
Yellow, where examined, more or less ferrugin-
ous, with small nodules of ‘carbonate of iron ; at
a little distance further up the creek, it becomes
buff like the higher beds and weathers into
rounded bosses. This is a marked and persistent
bed, which remains above the surface to the bot-
tom of the synclinal at the forks of the creek. It
has on top a thin bed of flaggy red sandstone,
which is very hard.

6. Shale....... 566600000880 R 0 5000 « . . YR, . 8
Variegated, with some thin beds of sandstone, 1/
to 2/ thick, which are more or less argillaceous ;
here and there is a band of carbonaceous shale ;
possibly some coal may belong in this interval
but none was recognized.

7. Sandstone........ MISE B 0 6 56 00 0 BB OBO B0 0006000 . ¥
Very like No. 5.
B SIEIERS o 50 0000000656060 66000000EE050E00800000 . 186/

Variegated ; for the most part well exposed, but

the exposure is incomplete toward the base,
where two black streaks were seen, the blossoms

of Coal beds K and L. This mass is persistent.

It passes below the surface before the synclinal

axis is reached, but re-appears on the west side in

in the bluff at the head of Oak creek cafion.

9. Sandstone. - ... ...t 25’

Hardly differing in general features from No. 5.
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1l WVenyEmpieel SelER ¢ oocn 0000 00000006000000050 6000 30/
11l @ 8@ Ao c oo oconooaso0s000000006060060 A o0 0/ 10/

Represented only by carbonaceous shale, where
the section was measured ; but it has been open-
ed elsewhere on the bluff, with a thickness of 17,

12, BIlE.cco 000000000 5000 00 000500000000 0HE SRR o 24/
At the base of this is a very friable sandstone.
almost white, which is persistent.

18}, Cem@ealietlo oo 000600000060000060000 000600800000 25/
This is calculated from the dip as the interval be-
tween the base of No. 12 and the top of the sand-
stone in which the shaft begins. Exposures in
the vicinity indicate that this is occupied in part
at least by shales at the base of which is Coal bed
I. That bed is not exposed here.

This bluft is continuous to the cafion of Chandler creek, and the same
section is exposed at the mouth of that caion. The sandstones of the sec-
tion are all light yellow or buff, and almost without exception have a band
of hard red flaggy sandstone as the top layer. Search was made in all
these red beds, but no fossils were found aside from the Halymenites, and
that has its upper limit in the great sandstone at the top of the shaft. Oc-
casional impressions of fossil dicotyledonous leaves were seen, and a fine
Sabal has been brought out of the shaft No. 1. The dip here is somewhat
more than 3 degrees and almost due west.

South Oak creek enters the main stream at Rockvale and flows north-
wardly. The great sandstone with Halymenites continues in sight along
this stream for nearly two miles. At the first fork of the stream the top
of that rock is reached, and there Coal bed I is well exposed, with the fol-
lowing structure : ’

1. Coal ....... 000000006000000c00a 00coc0n0000a Byl

2o O o000000000080000060000 50000 16005600060 31 to 17
& @l 000000000000000660000600000005650 eees 931

4. Bandy clay...ooveeneiniieiininiiiiaia... 177 to 147
5. Coalyshale......cooevvennn.... 0oc000 coocoo 2V W@ AW
6. Coal.......... 900000000006000 ©00060000060000 17t gy
Total . .......ccovu.... ©000000060006000000060060 Ry T

The coal is evidently poor throughout. The bed is overlaid with shales
succeeded by the friable white sandstone seen near Rockvale. Streaks of
coal are shown in the shale at a little way further up the creek. At say a
mile further up the main stream its cafion and that of a gulch leading into
Bluft Spring park, a tributary to Coal creek, come very closely together.
There the shales, No. 8 of the Rockvale bluff, are reached, but no expo-
sure of Coal beds K and L was found.

Following up Oak creek above Rockvale, one sees the rocks descending,
until the sandstone, No. 5 of the Rockvale section, is the lowest bed ex-
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posed. Near the line of the synclinal axis a cafion opens from the north,
at whose head is a fine exposure of the higher beds. But there was no
opportunity to examine this in detail, and the thickness of the beds over-
lying the Rockvale section was estimated at 400 feet. They are chiefiy
buff sandstones, with comparatively thin beds of shale, which vary greatly
in thickuness and may be regarded only as partings of the sandstone. No
traces of coal have been observed in these higher beds. The synclinal
axis crosses Oak creek very near the forks of the stream.

A boring was made some time ago by the Colorado Coal and Iron Com-
pany on Oak creek, at a little way below the crossing of the synclinal.
The curb of the boring is but a few feet under sandstone, No. 5 of the
Rockvale section, and Coal bed A was reached at 571 feet. The record of
the boring is not accessible and the depth is given according to indirect
information.

The section to Coal bed H is shown in the bluff at the head of Oak creek
cafion, and that coal bed was opened some years ago, by Mr. Nelson, just
south from the canion; but the opening was abandoned, owing to in-
feriority of the coal. The condition of the pit when visited was not such
as to afford exact measurement. The bed is said to be 5 feet 8 inches
thick, with a shale parting near the middle. Drab shales overlie it, sepa-
rating it from the light gray sandstone, above which, at a few feet, is the
great yellow sandstone. WWhen freshly mined, the coal is said to look
well, but after short exposure it slakes. The dip at this pit is eastward at
nearly 40 degrees. o

At nearly a mile further south along the bluff, Coal bed I was seen above
the yellow sandstone, showing :

Ol 0000 6666000000600 060603066066 0006050000060 o00s 17
CBY cooooo 00oos0c00a 6000050806060 60606000 00000000 1/
Coal..... . ol 5 5EER o 1721

But the crop coal is very poor. Higher up on the hill-side, Coal bed K was
seen 6 inches thick, while at a few feet higher is Coal bed L, showing :

(il 0 00 0 ¢ 56 0060 000665 00E00E80aa86a60a80060 0600000 . 16/
©BY cc00 coooocso0so0asssocos boooaocos PR o o coo WP
Q@i oo < 0 65060600600 0500 60000000 B - 06 00 00 1/ 817

The bed makes a formidable blossom, but the exposure does not suffice
to indicate the quality of the coal. The great mass of shale, No. 8 of the
Rockvale section, contains much friable sandstone here, which breaks
down even more readily than the soft clay shales seen further down the
the creek. The sandstone, No. 5 of that section, is persistent here and is
easily recognized, though it is somewhat harder than at Rockvale.

The outcrop of Coal bed A. is shown in a low ridge west from the Nel-
son opening, and the road leading to Mr. Bishop’s ranch passes over it.
The exposure is imperfect here and the bed is much better shown at a lit-
tle way further north, where it was opened by Mr. Bassick near the stone
cabin. This opening was abandoned because the abrupt dip, more than
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40 degrees, made raising the coal by horse-power too difficult for profit.
The crushed outcrop at this pit shows a thickness of nearly 20 inches, but
the bed is said to show 3 feet of good coal at the end of the slope. The
overlying shale is thin and is covered by a yellow sandstone.

A low mound rises in the park between this ridge and the bluff. A
coal blossom was seen here, but its place was not determined, though the
bed is probably C. The blossom indicates not much coal.

Followed southward the yellow sandstone associated with Coal bed A is
seen forming a sharp low ridge, which continues southward to the head of
Oak creek, where it is lost in the mesa. At the head of Oak creek cafion
a park intervenes between the bluff and the sandstone ridge ; but south-
ward the park becomes narrow and at length the mesa and the low ridge
are united. An exposure on Mr. Bishop’s ranch, near the point of union,
shows the following section :

il @l (6@ ©F a6 oo00000600000600600060600000a600660 W g
2. Shale and some sandstone...................... 22/
3. Coalbed B coooviiiiiiiiiiiiiiiiiiiiiiane, 07 2/
4, SIG 0 0000000000000060a060000000 06006060006000600 36/
B Ol Bew £\ 000000000000006000000 booo000 ©0000000 3/ 107
6. Shales, sandy, not fully exposed..........couve. 15/
7. Deep yellow sandstone, estimated........... ... 100/

The identification of the smaller coals is only provisional, there being
no other detailed measurenients on this side of the field for comparison..
The coal of bed A appears to be by no means bad and the erop coal has a.
bright fracture. The dip is vertical here and the bed can be followed
easily from this place to where it passes into the mesa.

The sandstone below the coal is the lowest bed of the Coal group.
The npper part is hard sandstone, honey-combed with films of quartz, and
holds thin beds or pockets of conglomerate in which the pebbles vary in
size from buckwheat to pea. The color varies from cream to deep reddish
vellow, and in most respects the rock is an almost exact duplicate of the
Dakota sandstone, which is exposed within a short distance at the foot of
the Greenhorn mountains. The lower part of the mass becomes more or
less shaly, and at length passes into a series of dull reddish shales, somewhat
sandy but mostly argillaceous, and showing little structure. These in
their turn pass almost impereeptibly into the Fort Pierre shales, which are
well exposed at the head of Oak creek, where they hold the customary
septaria and abundance of selenite. The thickness of the dull beds below
the sandstone was not measured on Oak creek, but it appears to be not far
from 100 feet.

The Niobrara and Fort Benton groups are fairly well shown at the head
of the creek and as far down as Mr. Bishop's ranch ; bnt no effort was.
made to determine their thickness. The Dakota is exposed on a tributary
of Oak creek, where it is said to contain a thin bed of fairly good coal.
This has been opened and the whole space underlaid by the Dakota has
been taken up as coal land. The guide was unable to find the opening,.
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but there seems to be no doubt that it exists and that the coal is tliere.
The upper member of the Dakota shows the usunal features, but the lowest
member is a coarse conglomerate, 10 or 15 feet thick, which is made up of
fragments of the coarse gneissoid granite on which it rests. These frag-
ments have suffered little from water, and the conglomerate can be distin-
guished only with difficulty from the underlying granite.

No exposures occur on the mesa between Oak creek and South Oak
creek, aside from fragmentary exhibitions of sandstones, which barely
suffice to indicate the dip, and give no information respecting the succes-
sion of the beds.

Coal Creek.—Coal creek is followed by a branch of the Denver and Rio
Grande railroad, leading to the mines of the Colorado Coal and Iron Com-
pany. One branch of the stream flows northward along the castern edge
of the field, while several tributaries flow to it from the west, each of
which has eroded a cafion, exposing a large part of the section. Examina-
tions were made along several of the streams.

At the mines of the Colorado Coal and Iron Company, on Coal creek,
the following exposure was found :

1. Coalbed C.ooviviiiniininnnnnns RPN - o o G 0r 8/
2. Shale and sandStONe. .. ....cc  tivernvonreeennnns 50/
3. Coalbed B.......... N oo 50006000 veeaas.s 07107
4, Shale................. 5006806068600 09 000 - (1
5. Coalbed A........ I 0 0 T Y g 6/ 2

And the dip is N. 30° W. mag.

ool bed C, the same with that mined in shaft No. 2 of the Cafion City
‘Coal Company, on Oak creek, is represented here only by a little carbona-
ceous shale. Coal bed B is well shown on the face of the bluff, and de-
scends with the road from the top of the hill.  Coal bed A is mined exten-
sively and yields a superior coal, which is used in the railroad engines and
is shipped largely to be used as fuelat Denver and other cities of Colorado.
The bed shows the following structure at the mouth of the slope :

Coal. . ... 5008880 00000 8000686800 o § MR, 0 000 0caoo 1/
©eF7 o coocaococo R IR 0 0 0 000 60000 it
Q@ o c o a0c0c000000700000000000000006050a00000600 41 7

At half a mile further up this branch of Coal creek, the same Dbed is
mined by the Grand Cafion Coal Company. The bed was not measured
here, but the thickness is reported by the President to be 8 feet 6 inches,
and the quality is regarded as equal to that of coal from the other mine.
Only the lower division of the bed is present in the slope. The upper
division is merely a ‘‘rider’’ coal, and the interval between it and the
main body varies from zero to 11 feet ; the latter interval being seen at
the Cassidy slove, while the two divisions are in econtact at many places
in the Colorado Company’s mine. The rider is distinctly shown in the
gulch at the Cassidy slope.



1881.] 517 |Stevenson.

Following up the gulch for half a mile, the following section was ob-
tained :

1. Sandstone............. 000500 060400 qlOERIEOEE B0 o 157
2. 8hale c.ovieiiiiiiiia S0 oo
8. Coalbed G ...... it 500000 GHTTTTNNIA. - 0 6/
4. Shale and thin sandstone.......ceeveeeeeeeevanns 157
5. Sandstone........ 560 60 0000 0000 oA00 RGNS 5/
6. Black shale ..ocvetn viveiiannenuneorecncnnnans 8/
7. Coalbed F ooeeveivinnano... S0 ST 4/ 6/
8. Bluish shale....veenan.. 0000050000000 0000000000 11/
9. Coal bed B ..ottt it iennnns 1/ 8/
10, Wateemied fhalle. o coocosoc0000060006060 00000000 28/
11, Coal bed D vuvenn ottt eiiiere cansesanes 1/ 31t
12. Shale and thin sandstone...... ....civeeveraen . 25/
18, Coalbed C..ovrr vt iiinnnens «e.... Blossom.
14. Sandstone and shale, estimated .......oovvun.... 451
15. Coal bed B .......ccouun. Y 0G0 0000600060 17 N
16. Shale......covienieevnnns IR SREE o o 0 cSRUE0000 167
17. Rider coal bed .. ..coovrneeieeneeenanenn P 07 1077

Coal bed B is shown on the low hill alongside of the road, at a few rods
above the trestle ; it seems to be hard and fairly clean coal. The upper
part of the interval, No. 14, is occupied by a massive, soft, yellowish
white sandstone, which is about 20 feet thick. Coal bed C is represented
by carbonaceous shale, which was followed up the gulch to where it passes
under the surface. The interval between it and Coal bed D was estimated.
The rest of the section was obtained on a projecting point opposite a gap
in the hill, lying between the road and the gulch. Coal bed D is shown
on both sides of the stream, but is thicker on the southerly side, where it
shows 22 inches of coal.

Coal bed F appears on the bluff, where its blossom measures 4 feet 6
inches, but a good exposure occurs at a few yards further up the gulch,
which exhibits the structure of the bed in detail as follows :

O@iihoc o 0 0 0000000000 00000006000000000608000000000030 07 5"
Parting............ 0000000 000600000600000060a0000C0 . — —
@il 0 000 000 006000000000666000000000 0000063600300 o W T
(OIB%7 06006 000600000000000000000000 0000 a000ATRE veo W 2N
Coal.c.cvun. 5 00000000000006000000000006000000060 07 97/

The coal is sulphurous and dirty, so that it is of little value. The over-
lying shale is fissile and very black. Coal bed G is exposed under the edge
of the sandstone which caps the bluff. This rock is reddish-yellow,
mostly massive and occurs in cliffs. The thickness appears to be up-
wards of 40 feet, but exposures further south show that Coal bed II belongs
at but a little way above Coal bed G, and the thickness of the lower sand-
stoneis not more than 15 feet. The rock above Coal bed H is the one form-
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ing the top of the mesa, and its cliff is shown at a little way back from the
top of the bluff overhanging this gulch.

Crossing the narrow divide to Bluff Spring park, one passes over
the great sandstone in descending to the park. The spring issues from
almost directly underneath the sandstone, No. 1 of the last section, but
Coal bed G is not exposed. The sandstone overlying Coal bed F caps a
little mound in the park, and that coal bed has been exposed there with a
thickness of 2 feet 6 inches. The overlying shales are not black, the car-
bonaceons matter having disappeared. The road leading from Bluff
Springs park to the Shaw gulch passes under a bluff, immediately beyond
the park, where Coal beds E and F are exposed. The latter is but 1 foot 6
inches thick, but the former shows:

Coal, 8'"; clay, 4/7; coal, 1/.

The coal is very poor. The shale above Coal bed F is brown and yellow,
carbonaceous matter being wholly absent. No prospecting has been done
in Bluff Spring park below the line of the wagon road, and Coal bed A
has not been recognized.

The massive yellow sandstone overlying Coal bed H is easily followed
across the low divide separating Bluff Spring park trom the Shaw gulch.
In this short guleh, the Cafion Coal Company have mined Coal bed
F, known as the Shaw coal. The coal has been hauled 4 miles in wagons,
to be shipped at Rockvale. It underlies a thin gray sandstone and the
shales intervening are lead-colored. The structure of the bed as shown
in the mine is :

@0 0000a00000000000000 AP, 5 0 0 08B co 0o 00 a0 0o @y g
IPRRIIE, ¢ 0000000 00800000000 5 06 00 00660000000000 . ——
CoOle v viini i, 3600605000000 60600 1/ 5/
PSS . oo aococnccoo 56606805 6000660606660000 6660600060 -
Cllo 000 0000000000000000000 0000006066000 00000000 coooo W AWl

The thickness in this mine varies little from 40 inches. The coal is
good and has been used extensively on the engines of the Atchison,
Topeka and Santa Fé railroad ; but the engineers think it inferior to coal
from bed A.

Coal bed G is found here at 22 feet above F and is insignificant. Coal bed
H is very thin and but 17 feet above G. The Great sandstone forms a bold
cliff here and, according to Mr. Bowie’s measurement, it is 75 feet thick,
thus showing a decided diminution in thickness southward. Coal bed I
rests on the sandstone and, where explored immediately north from the
Shaw gulch, is 22 inches thick.

The next gulch southward is that known as Bailey’s gulch. It is barely
half a mile from the Shaw gulch and affords a good exhibition of the
measures. The following section was measured there by Mr. Bowie, who
has kindly given me the use of his record :

1o BER @ellE, o 000000000000 9000000 560000000000 &
2. Coal bed K ¥%.ieeruvenn. PRI 1 o SO 1. 3/
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B, Shallescoooa0ao0s000000as 20 0 000 BO RIS OE . o 0 67
4. Gray sandstone................ 5550600008 000G 107 67
5. Blackshale..oneee.ueeesaceeocecnnee S0oaoooce W
6. Coal, divided midway by shale, 17 Jooooooooo .20 51
7. Shale and gray sandstone.......... 000000 sooo  UEY B
8. CoalbedI............. 5000 6060 o UEOUCID N U
8, Bal@o0000 0cooo 000000000 n000000NARERGIG 1/
i@, Gy edsi@n®, o oo cooouss00500060000000a0 137 6/
1, Wellenwy SamaEiein®@a o asooec0006608660000000006 00 607
12, SelEs 0 00000000000060000 0060 BOGIBEEEBI0G0a e
18, @wall 3] 18Lc o 000 000000000060000000000060066 00 0/ 6/
14, SEIE0 0000000 a00000000000000006 00OB000AA MGG 1/ 6//
15. Gray sandstone.......c.coeeeereieeeiacaaeeans 15/
16, Coalbed G.vvevviniiiii i iiiiiiiiaeanns 17 6
W7, SENE. 6 0000caa00a0000 aoo 5 008006808008 0 0 0o 1/
18. Gray sandstone........c..eeeeenacncionanancns fild
1), BIREEAMNE: 6 ac 0c0c000000000000000 06006000009 14/
20. Coalbed F...o.oovvvitn. N 50000000600000 31 41
21. Shale.... ..... 500600006000000C MR 50606000000 oo g e
P2 PRRAEONGs 0 0000000000 0000060000600660a00a0a 0 4/ 67
28 0000 060000000000 00066000600000000006060 8/ 6/
24, Coalbed B.vveiveennnaniinnnnieneeriannennas 17 6/
25. Bhale..o.oiiiiiiii 387 3/
WS, Qe i3t 106 60000000 0000000006660006000 066000 3/
27. Interval........... 50006 00000 JEHBE 560000 0008 61/
U @l 0@W Boooo0000000000000000000000000000000 4/
29. Argillaceous shale...........ccooviiiiiiien.s 30/
B Gl A Avc 0 000000000000060060085000006 6a0000G 0/ 10"
Blo SEB5000 0000000000000000000006000060000a0600 0/ 107
32. Argillaceous sandstone........... 000000080000 14" 67/
33. Yellow sandstone........ 0500000300000 0aBBa8S 1507

The lettering of the coal beds is in accordance with the generalized sec-
tion. Coal bed C is not given in this section ; it is exposed at the point of
the bluff between Bailey and Shaw gulches at 33 feet above Coal bed B.
An imperfect exposure made with the hammer showed 2 feet of coal, but
neither the top nor the bottom of the bed was reached.

Coal bed G varies from 2 inches to 18 inches. Coal bed F is well shown
in the bed of the gulch, where the structure is c¢learly the same as in Shaw
gulch. Coal bed E is imperfectly exposed in the stream bed ; but Coal bed
D is well shown in the side of the guleh where it has been prospected.
Coal bed B has been opened at the end of the bluff where the thickness is
as given. Coal bed A is utterly insignificant here, being but 10 inches in
Mr. Bowie’s section and 14 inclies where seen in the gulch by the writer.

The great sandstone at the base of the section is reached just east from
the mouth of the gulch. Tt has the same characteristics everywhere along
the east face of the field. The thickness as given by Mr. Bowie is per-
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haps the extreme, for the mass is not invariably a compact sandstone, but
often shows great beds of sandy shale, sometimes even clay shale, the
whole merging into the clay beds or beds of passage to the Fort Pierre
shales.

Newland Creek. This is the next stream southward and makes a cafion
across the whole of the field. But no detailed examinations were made
there. A distinct though gradual rise of the whole basin southward car-
ries out the highest members of the series before Newland creek is reached,
so that almost midway iu the basin, the great sandstone with Halymenites is
at the top of the mesa. The measures above that sandstone are probably
not more than 150 feet thick and no exposures were found to yield a sec-
tion. Mr. Bowie’s observations along the eastern face of the field at and
beyond Newland creck show that the coal beds become thicker than they
are further north, as indeed is suggested by the section in Bailey’s gulch.
A thick bed is worked on a tributary to Newland creek, which Mr. Bowie
thinks is equivalent to the Shaw coal. The section of the bed as given by
him is:

Cotluvenennneonnnanins YT R 0000000 © .. 17 87
OkR76000000000000000000 5 660660000500000006000500 @
BfXillo 5 000 0600 0660006080660606600600 C00600006060000000 2/
Shale..... Lol I 00 G 17 21
Coaleeeeueiann. RPN 0 (0015 08 0866096 o o 1/
RELATIONS OF THIS FIELD. 0

Careful search was made everywlere for fossil remains, but nothing was
found aside from the fucoid, Halymenites major, and some palm leaves.
Halymenites occurs abundantly in the sandstone overlying Coal bed H,
and a few specimens were observed in the sandstone at the base of the
series, which was examined at but two localities. The palm leaves were
obtained in the Rockvale shaft, at fully one hundred feet beiow Coal bed
H. The thickness of measures included between the upper and lower
limits of the fucoid is more than four hundred feet.

This distribution of the fucoid is of no little interest. The writer® has
shown that along the South Platte river, north from Denver, Halymenites
occurs throughout a great mass of sandstone, where it is associated with
forms proving the rock to belong to the Fox Hills group of the Upper
Cretaceous. Dicotyledonous leaves occur there in the same sandstone.

In the Trinidad coal-field of southern Colorado and northern New
Mexico, the writert recognized a persistent sandstone, 60 to 80 feet thick,
a3 marking the base of Laramie group. This sandstone, which occasion-
ally holds a coal bed, contains Halymenites major in profusion, while that
fossil occurs neither above nor below this horizon. At one locality, the
the sandstone contains a Cardium-like mollusk, but the specimens obtain-
ed are too indifferent for specific determination.

* Am.Journ. of Science, 3rd Series, Vol. xvii, p. 370.
t Amer. Journ. of Science, 3rd Series, Vol. xviii, p. 132.
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Along Galisteo creek, in central New DMexico, as well as on the Rio
Grande, 100 miles further south, the writer has sought in vain for speci-
mens of the Halymenites, both in 1879 and 1881. The fucoid seems to
be wholly wanting in the Laramie area of central New Mexico.

Comparing the distribution at the several localities mentioned, we have
as the vertical extent of the fucoid :

In northern Colorado, along South Platte............ 7007+
In central Colorado, Cafion City field............. .. 4007
In southern Colo. and northern N. M., Trinidad field. 80f
In central New Mexico, Galisteo creek and Rio Grande. 0/

Halymenites major, along the eastern foot of the Rocky mountains, is as
thoroughly diagnostic of the Fox Hills group a Arthrophycus harlani is of
the Medina sandstone in the Appalachian region. The Halymenites
sandstone of the Trinidad field, the lower 400 feet of the Cafion City
columnn, and the enormous mass of sandstone on the South Platte, below
St. Vrain’s creek, are equivalent and represent the Fox Hills group, as gen-
erally accepted. Coal occurs in them all, but most abundantly in the
Cafion City area. It should not be forgotten, however, that the South
Platte locality is at 70 miles from the mountains. When the section has
been made from the mountains to that locality, not a little of the produc-
tive coal series will be found represented on the Platte by this sandstone
group.

The Fox Hills group, as generally accepted, thins out southward and
finally disappears before reaching central New Mexico.

Stated Meeting, October 21, 1881.
Present, 15 members.
President, FREDERICK FRALEY, 1n the Chair.

Mr. Aubrey IH. Smith presented his photograph for the
album.

Letters of envoy were received from the Second Geological
Survey of Pennsylvania, the Johns Hopkins University, and
the Geological Survey of the United States.

Donations to the Library were received from the Gazette
Hongroise; J. M. Schary's heirs, Prag; Roval Institate,
Venice ; Revue Politique; Royal Academy, Brussels; Nature ;
Essex Institute; S. I. Scudder; Board of Kducation, Provi-
dence, R. I.; Wesleyan University; Silliman’s Journal; New
York Academy of Science; Franklin Institute; Medical Jour-



